We present a list of edge-on galaxies that might have substantial extraplanar dust. Twenty-three edge-on galaxies were selected as target galaxies from an edge-on galaxy catalog, and their Galaxy Evolution Explorer far-ultraviolet images were fitted with three dimensional radiative transfer galaxy model. The galaxy model is described by two disks: one for the light source and the other for the dust. The best-fit parameters were found by employing a global optimization method, called differential evolution. To find the galaxies with substantial extraplanar dust using the best-fit parameters, we plotted the ratio of scale-height to galactic diameter: z s /D 25,ph (light source) vs z d /D 25,ph (dust). We found that 17 and 6 galaxies fall on the region of (z s /D 25,ph × 100) > 0.2 and (z s /D 25,ph × 100) < 0.2, respectively. The former is named as "high-group" and the latter is named as "low-group." We conclude that "high-group" is likely to be the galaxies with substantial extraplanar dust, while "lowgroup" is likely to be the ones with little extraplanar dust, i.e. typical galactic thin disk, based on the following points: (1) the relative positions of "high-group" and "low-group" on the plot z s /D 25,ph vs z d /D 25,ph with respect to the reference values from optical radiative transfer studies; (2) the lower scale-height of the young stellar population than the old stellar population; and (3) a test result that shows the existence of extraplanar dust makes z s and z d overestimated in the fitting results. We also examined the dependence of the group separation on the surface density of far-ultraviolet luminosity (L F U V /D 2 25,ph ), but found no strong dependence.
INTRODUCTION
Galaxies evolve ever since their formation. Stars are forming, aging, and dying, while mediums are being expelled, accreted, and circulated. These mediums hold lots of information. They reveal the energy flow (e.g. galactic winds, Veilleux et al. 2005) , and transform the spectral shape of intrinsic stellar lights (see Hollenbach & Tielens 1999 and Conroy 2013) . Also, they themselves are the raw materials for the future star formation. All these facts have close relations with the galactic energy distribution and hence the galaxy evolution. Dust is one constituent of the mediums, and it plays important roles in many ways despite its mere ∼0.1% occupation of the baryonic mass (Blanton & Moustakas 2009 ).
The extraplanar dust, located above the galactic plane, is of importance in diverse aspects as noted in Shinn & Seon (2015) . It manifests that some mechanism makes the dust to be located away from the galactic plane defying the gravity. It might also hold some hints on the connection between star-forming and star-bursting galaxies (see Kennicutt & Evans 2012) and between interstellar and intergalactic mediums (see Meiksin 2009; Putman et al. 2012) , since dust can move between the galactic plane and halo through the accretion and ejection processes. Additionally, the extraplanar dust is worthy of meticulous study in the sense that the dust-scattered Hα could substantially contaminate the extraplanar Hα features (Seon & Witt 2012) which is attributed to the diffuse ionized gas (see Haffner et al. 2009 ). Many studies on the extraplanar dust, therefore, had been carried out at diverse wavelengths (e.g. Howk & Savage 1997 , 1999 Howk 1999; Thompson et al. 2004; Popescu et al. 2004; Irwin & Madden 2006; Irwin et al. 2007; Seon et al. 2014; Hodges-Kluck & Bregman 2014; Shinn & Seon 2015; Hodges-Kluck et al. 2016 ).
2
To better understand how the extraplanar dust works in the context of galaxy evolution, three-dimensional physical modeling of the galaxy is useful as much as phenomenological analyses of observable quantities, given that one can extract more fundamental galactic parameters such as scale-height. Seon et al. (2014) had first attempted this approach focusing on the extraplanar dust, and successfully modeled the dust-scattered ultraviolet halo of an edge-on galaxy, NGC 891. They used a galaxy model including a geometrically-thick dust disk in addition to the thin disk, and obtained several galactic parameters such as star formation rate, dust scale-height, face-on dust optical depth, light source scale-height, etc. In order to determine whether there is any relation between the properties of extraplanar dust and host galaxy, Shinn & Seon (2015) extended the approach of Seon et al. (2014) to six highly-inclined galaxies that were reported to have ultraviolet halos (Hodges-Kluck & Bregman 2014) . However, Shinn & Seon (2015) found that the additional geometrically-thick dust disk might not be required for three out of those six galaxies to reproduce the observed ultraviolet halos.
This finding suggests that the visual identification of galactic ultraviolet halos, without the aid of three-dimensional physical modeling, is less reliable in judging the existence of substantial extraplanar dust. Obviously, a reliable target list is crucial for the investigation of the extraplanar dust. Here we present a list of edge-on galaxies that seem to have substantial extraplanar dust, as a preparation for the future study on their extraplanar dust. The list was produced from the edge-on disk galaxy catalog of Bizyaev et al. (2014) by performing model fittings to ultraviolet images from Galaxy Evolution Explorer (GALEX ). We found that 17 out of 23 target galaxies seem to have substantial extraplanar dust.
DATA AND TARGET SELECTION
GALEX ultraviolet images were used for our study on the galactic extraplanar dust as in Shinn & Seon (2015) . Ultraviolet wavelength has an advantage in exposing the extraplanar dust through scattering processes, since the dominant ultraviolet light sources-massive stars-reside in the galactic plane with a smaller scale-height than the old stellar population (Bahcall & Soneira 1980; Wainscoat et al. 1992; Martig et al. 2014) . Indeed, several studies using ultraviolet data have claimed the detection of dust-scattered ultraviolet halos around edge-on galaxies (Seon et al. 2014; Hodges-Kluck & Bregman 2014; Shinn & Seon 2015; Hodges-Kluck et al. 2016) . Besides, one of the studies provided the galactic parameters that excellently reproduce a panchromatic galactic spectral energy distribution (Baes & Viaene 2016) .
GALEX provides wide-field (∼ 1.25
• ) images at two ultraviolet bands (FUV: 1344 -1786Å; NUV: 1771 -2831 A) with imaging resolutions of ∼ 4 − 5 (Morrissey et al. 2007) . It covered almost all sky at both bands except the Galactic plane (Bianchi et al. 2014) , hence GALEX data are well-suited for statistical studies of a large sample. We used the archival data of GR6/7 (http://galex.stsci.edu/GR6/) and no additional data reduction procedure was applied except cropping and masking. The standard pipeline procedures are described in Morrissey et al. (2007) . Only the FUV images were analyzed for several reasons as mentioned in Shinn & Seon (2015) : narrower bandwidth, smoother albedo variation over the bandwidth, and fewer foreground point sources.
We chose our target galaxies from the edge-on galaxy catalog of Bizyaev et al. (2014) . The catalog is based on the optical images from the Seventh Data Release (DR7; Abazajian et al. 2009 ) of Sloan Digital Sky Survey (SDSS ; York et al. 2000) , and the genuine edge-on galaxies were selected through both automatic and visual inspections. The catalog lists 5794 edge-on galaxies as of November 2014, along with their structural parameters for stellar disks derived from 1D (ignoring dust extinction) and 3D (including dust absorption only) analyses, respectively.
We first narrowed down the catalog to 119 target galaxies by applying the following constraints one after another. To select galaxies with large enough angular sizes, the scale-length from the 1D analysis is limited to be ≥ 10 in any of three bands (g, r, i). We then secured high signal-to-noise ratios (S/Ns) by limiting the GALEX FUV exposure time to be ≥ 1000 s. The distance to the galaxies are essential for our analysis, therefore we excluded the galaxies if their distance information is not available from the NASA/IPAC Extragalactic Database (https://ned.ipac.caltech.edu/). Finally, we excluded those galaxies that show ring features in their GALEX FUV images or fall on the edge of the GALEX field-of-view.
In this study, the existence of extraplanar dust is revealed by the galactic off-plane lights which are much weaker than the galactic in-plane lights. This means that the higher S/N data give us the more reliable information about the extraplanar dust. In this sense, we winnowed once again the 119 targets to the final 23 targets that show S/N per pixel ≥ 3 continuously along the galactic disk. The S/N was solely calculated from the photon count itself. We checked if any artifacts from the instrumental scattered light mentioned in Hodges-Kluck & Bregman (2014) affect our target galaxy images, and found none. It seems to be due to the lower sensitivity of the GALEX FUV band than the NUV (Morrissey et al. 2007 ) and the rarity of the stars bright in the FUV band. Fig. 1 shows the GALEX FUV and SDSS images of 23 target galaxies, and Table 1 lists the relevant target information.
ANALYSIS AND RESULTS
The purpose of this study is to search for the galaxies that are likely to have substantial extraplanar dust. To find these galaxies, we fitted the GALEX images of the target galaxies ( Fig. 1 and Table 1 ) with a three dimensional radiative transfer galaxy model whose dust component is described by a single disk. Under this scheme, the galaxies with little extraplanar dust would return typical scale-heights of light-source and dust. On the other hand, those galaxies with substantial extraplanar dust would return distinct scale-heights or systematic (not random) fitting residuals, or both, because the extraplanar dust would affect the radiative transfer of the stellar light. This point is more elaborated in section 3.2 while mentioning Test C. In the following, we describe the radiative transfer galaxy model and fitting procedure (section 3.1); test fitting results (section 3.2); and target fitting results (section 3.3).
Radiative Transfer Galaxy Model and Fitting Procedure
We adopted a galaxy description for the fitting as below, which is equal to the one used in Shinn & Seon (2015) except the additional thick dust disk we excluded here.
Here, κ(r, z) and I(r, z) are the distributions of extinction coefficient and light source, respectively. h d , h s , z d , and z s are the corresponding radial scale-length and vertical scale-height of dust and light source. κ 0 is the extinction coefficient at the center of the galaxy (r = 0, z = 0), where the optical depth along the symmetric axis (τ F U V ) is 2 κ 0 z d . I 0 is the light-source density at the center of the galaxy (r = 0, z = 0). The four parameters (I 0 , h s , z s , and R s ) determine the galactic luminosity (L F U V ). R d and R s are the truncation radii of dust and light source, respectively. The radiative transfer calculations were performed at the wavelength of 1538.6Å, i.e. the effective wavelength of GALEX FUV band (Morrissey et al. 2007 ) using the three dimensional Monte-Carlo method (see Steinacker et al. 2013) . Basically, the model produces a two dimensional synthetic image toward the observer, by calculating how many photons arrive at the observer after traveling the three dimensional model galaxy described by eqs. (1) and (2), while being scattered and absorbed by dust. Readers are referred to Seon et al. (2014) and Shinn & Seon (2015) for more details on the radiative transfer calculations.
In contrast to our previous work (Shinn & Seon 2015) , we neither rotated the GALEX image to align the major axis of the target galaxy to horizontal direction, nor subtracted the background from the GALEX image before the fitting. We instead enabled the galaxy model to rotate during the fitting process and treated the background as free parameters. The background was also set to have linear gradients along the horizontal and vertical directions of the GALEX image. The model galaxy was free to move in both directions during the fitting. In summary, six parameters were newly added: the position angle of the galaxy (θ pos ), horizontal and vertical shifts of the galaxy center at the image plane (∆x, ∆y), the background level at the center of the image (bg ctr ), and the horizontal and vertical gradients of the background at the center of the image (∂bg/∂x, ∂bg/∂y). Now we have 15 free parameters to fit-eight parameters are for the model galaxy itself (
and the other seven parameters are for the viewpoint and the background (θ incl , θ pos , ∆x, ∆y, bg ctr , ∂bg/∂x, ∂bg/∂y); θ incl is the inclination angle of model galaxy.
When generating the model image, the spatial convolution procedure was included at the last stage to match the spatial resolutions of the model image and the GALEX image. We used a new custom point-spread-function (PSF). This PSF is based on the GALEX PSF, but extended up to the PSF image size of 600 in the same way as Shinn & Seon (2015) did: the part where the radial distance 50 was extrapolated from a functional fit. We adopted this extended PSF to include the instrumental effects that might vertically broaden the galactic plane emission (see Sandin 2014 Sandin , 2015 . The convolution was carried out through the Fourier transformation for speed. We prepared the images for the fitting as follows. The fitting area was manually set not to be overwhelmed by the background area, since, if not, the goodness of fit would be primarily determined by the background area. Bright point sources and uninterested extended features were also masked. The white areas around the galaxy images ( Fig. 2-27 ) indicate the excluded regions during the model fitting.
We found the best-fit model by maximizing the likelihood L(M |D), where M and D stand for the 15 model parameters and the GALEX FUV image, respectively. Poisson distribution was adopted as the parent probability distribution for each image pixel, because the photon counts per pixel of GALEX image is too small to be treated as Gaussian (see the GALEX count image in Fig. 5-27) . Therefore, the likelihood was calculated from the images in count units (not count per sec): the GALEX FUV count image and the model image which is converted into count units using the GALEX relative response image (see Morrissey et al. 2007) . In this case, maximizing the likelihood corresponds to minimizing the C-statistic (Cash 1979) , not the χ 2 -statistic:
, where m i and d i are the pixel values of the model and data images, respectively.
Since it is highly uncertain if the likelihood has local maxima or not, partly due to the complex nature of radiative transfer and the large number of free parameters, we employed a global optimization method called Differential Evolution (DE; Storn & Price 1997) . This technique finds the global maximum by making numerous parameter vectors search the likelihood surface through iterations as follows. Suppose we have D number of model parameters, and they consist of the parameter vector x = (p 1 , p 2 , ... , p D ).
(1) NP number of parameter vectors are generated over some reasonable parameter ranges: each parameter of a vector x is randomly-and-independently generated. That is, we have the vector population [x 1 , x 2 , ... , x NP ]. This population is called the 1st generation, say
(2) Among the vector population, one vector is set as the target vector. (3) Three vectors are randomly chosen from the rest of the parameter vectors. These three are mutated parameter-wise to be the mutant vector: that is, x mt = x 1st + F × (x 2nd − x 3rd ) where F is an arbitrary constant. (4) The mutant vector becomes the trial vector through the "crossover" process, where some of the parameters being replaced with the target vector's. Whether the parameter is replaced or not is determined by a random number which ranges from 0 to 1. When the random number for each parameter is greater than CR, an arbitrary constant, the corresponding parameter is replaced with the target vector's. (7), and then we have the 3rd generation X (3) , and so on. (10) When each parameter of the vector population converges to a certain range, then the best-fit vector is selected among the population as the one that shows the highest likelihood value.
During the fitting, we impose some constraints as follows. In the sequence (1), we randomly sampled the scale-length and scale-height parameters so that they are uniformly distributed in log scale, while sampling the other parameters to be uniform in linear scale. In the sequence (4), we put the parameters back to the initial parameter range limits, when the trial vector exceeds the limits. Also, we set a constraint of R s ≤ R d , in order to avoid the case that the light source is situated on dust-free space, which seems unlikely for massive stars (the dominant UV sources).
We show the results of DE fitting in the next two sub-sections. In section 3.2, we produce mock observation images and demonstrate how well the DE fitting method reproduces the model input values that are used for making the mock images. The fitting results for the GALEX images follow in section 3.3.
Test: Fitting the Mock Observation Images
We employed the DE method to find the best-fit parameters of the galaxy model. The DE method has three control variables (NP, F, CR) that should be adjusted by trial and error. NP is the number of parameter vectors, F is a factor that scales the parameter difference when the mutant vector is created, and CR is the crossover constant which determines how many parameters of the mutant vector will be replaced with the ones of the target vector when the trial vector is created (Storn & Price 1997) ; these three variables are related with the sequences (1), (3), and (4) mentioned in section 3.1, respectively. To determine these variables and see if the DE method works properly for our study, we ran several test fittings to the mock observation images and checked how much the obtained parameters are close to the model input values. The mock images were produced from the model described in eqs. (1) and (2) with 5 × 10 8 photons, and the background emission was set to zero for simplicity. The same three dimensional model-grid was used for both producing and fitting the mock observation images. The number of grid cells were (radial, azimuthal, vertical)=(30, 1, 61) in cylindrical coordinates, and the cell size was set to scale exponentially from the galaxy center to cover a larger space as being further away from the center. Three different tests were carried out and the results are shown in Fig. 2 -4. We adopted NP = 90, F = 0.5, and CR = 0.9, and obtained a converged population within 500 iterations. Iterations of 250 took about 1.5 − 2.0 hrs with 88 CPUs; the CPU model is the Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz. During the fitting, each model image was produced with 5 × 10 6 photons, much less than used for producing the mock image, for speed. Fig. 2 displays the results of Test A. Test A represents an edge-on galaxy that shows an absorption feature along the galactic plane. To show the goodness of fit more intuitively, we show the χ 2 image rather than the C-statistic image. The uncertainty of each pixel was set as 1 + √ count + 0.75, the 1-σ upper limit for small number events (Gehrels 1986 ), rather than the conventional √ count in order to reflect the small counts of GALEX image. As the results show, the DE method well reproduces the model input values. R d is the least converging parameter as its relatively broader population distribution shows at the end of the iteration. Fig. 3 shows the results of Test B, which represents an edge-on galaxy without an absorption feature along the galactic plane. In this test, again, the DE method well reproduce the model input values, although the inclination angle had been confused at the beginning of the iteration. The confusion might be related with the absence of the absorption feature at the galactic plane, which hints the direction of galaxy inclination. R d is again the least converging parameter. Fig. 4 displays the results of Test C. We performed this test in order to see how the fitting results might look like when the target has substantial extraplanar dust. To simulate the existence of substantial extraplanar dust, we added a second dust disk as adopted in Seon et al. (2014) and Shinn & Seon (2015) . Note that a spherical dust halo was adopted for the extraplanar dust in Hodges- Kluck & Bregman (2014) . In summary, Test C demonstrates how the best-fit parameters turn out when two dust disks (thin and thick) exists but the data is fitted with the conventional one-component dust disk like our approach in this work.
The χ 2 image of Fig. 4 shows that there is a systematic variation of χ 2 along the galactic plane with higher χ 2 values than those of Test A and Test B. Note that z d converges to the value between the two input values (dust scale-heights for thin and thick disks) and that z s converges to the value higher than the input value (light-source scale-height). This means that the galaxies with substantial extraplanar dust would return higher z d and z s values than the typical ones. Test C results also show that other parameters such as R d , θ incl , and ∆y might also be affected by the existence of substantial extraplanar dust.
Fitting the GALEX Images
Keeping the results of Test C (section 3.2) in mind, we performed the model fitting to the GALEX FUV images of the 23 target galaxies ( Fig. 1 and Table 1 ) in order to select the candidate galaxies with substantial extraplanar dust. The control variables of DE method were adopted as NP = 113, F = 0.5, and CR = 0.9. Only NP was changed from the test ones, from 90 to 113, to properly handle the increased number of fitting parameters; the three background parameters (bg ctr , ∂bg/∂x, and ∂bg/∂y) were additionally set as free parameters. The configuration of three dimensional model grid was the same with the test one (section 3.2), and its physical size was set as that of the GALEX image's diagonal (say, tens of kpc).
We ran the fitting three times with different 1st generation parameter vectors, and found three best-fit parameter sets. Figures 5-27 show one set of the results. On average, the iteration of 250 took about 2 − 3 hrs, a little longer than the test cases (section 3.2); when the photon has to travel through a denser dust medium (e.g. higher τ F U V , h d , and z d ), the run time was doubled or more. For most of the target galaxies, the fitting parameters were converged within 500 iterations, but some targets needed > 1000 iterations to converge. The χ 2 images were made in the same way with the test cases ( Fig. 2-4) , and the region of χ 2 < 3 is dominant in most of the targets. However, some targets (e.g. EON 163.623 17.344) show several regions with high residuals, which seems to be due to bright (or dark) local features. Table 2 shows the best model parameters with errors. The mean and standard deviation of the three best-fit parameter sets are quoted as the best model parameters and their errors, respectively, in a similar way to De Geyter et al. (2013) and De Geyter et al. (2014) . Fig. 28 (Fig. 29a) . If the galactic disk is the manifestation of the equilibrium between internal kinetic pressure and gravitational force (see Spitzer 1942) , the scale-height would be proportional to the galactic mass (and roughly to the galactic diameter). Therefore, the spiral galaxies in dynamical equilibrium would fall into a certain region in the plot of z s /D 25,ph vs z d /D 25,ph . Under these circumstances, we expect that the galaxies with substantial extraplanar dust would fall on a distinct region from the stable spiral galaxies, as Test C (section 3.2) shows that the existence of substantial extraplanar dust make z s and z d overestimated.
Our fitting results are plotted as circles in Fig. 29a , and the circles show two distinct distributions. One group is on the region (z s /D 25,ph × 100) > 0.2 (open circles), while the other is on the region (z s /D 25,ph × 100) < 0.2 (filled circles). We name the former and the latter as "high-group" and "low-group," respectively. "high-group" contains 17 galaxies, while "low-group" contains 6 galaxies. To help the identification of these two groups, we plot together the values of other edge-on galaxies (gray sqaures) obtained from optical radiative transfer studies (Table 4 ). These gray squares represent the galactic thin disks (see Freeman & Bland-Hawthorn 2002) , and occupy the lower-right corner of Fig. 29a .
In Fig. 29b , we compare the L F U V /D 2 25,ph and z d /D 25,ph to see if the FUV luminosity plays any role in separating "high-group" and "low-group," since the luminosity is one important physical parameter of the host galaxy. The factor D 2 25,ph , proportional to the galactic disk area, is used for scaling the luminosity to compensate the size difference among galaxies. As Fig. 29b shows, no prominent difference of L F U V /D 2 25,ph exists between "high-group" and "low-group," although "high-group" seems to have somewhat lower values. This means that L F U V /D 2 25,ph is not sensitive in separating "high-group" and "low-group."
4. DISCUSSION As seen in Fig. 29a , "high-group" and "low-group" occupy the right and left regions, respectively. The reference values for comparison (gray squares) are located at the lower-right corner. These reference values are from optical radiative transfer studies (Table 4) , and represent the galactic thin disk (see Freeman & Bland-Hawthorn 2002) ; hence, they would help to identify "high-group" and "low-group." As in the following two paragraphs, we conclude that "high-group" likely represents the galaxies with substantial extraplanar dust, while "low-group" likely represents the ones with little extraplanar dust.
"Low-group" shows lower z s /D 25,ph than the reference values, while showing similar z d /D 25,ph to the reference values. Considering that the reference values are from optical studies, the reference z s values represent the old stellar population. On the other hand, our z s represent the young stellar population, since our z s are from ultraviolet data analyses. As mentioned in section 2, the young stellar population has a smaller scale-height than the old stellar population (Bahcall & Soneira 1980; Wainscoat et al. 1992; Martig et al. 2014) . Therefore, smaller z s /D 25,ph of "low-group" than the reference values can be understood on the basis of stellar population difference. Based on this explanation on z s /D 25,ph , as well as the similarity of z d /D 25,ph between "low-group" and the reference values, we think that "low-group" likely represents the galactic thin disks, i.e. galaxies with little extraplanar dust.
"High-group" shows similar z s /D 25,ph to the reference values, while showing similar or higher z d /D 25,ph than the reference values. The z s of "high-group" comparable to the reference values is contradictory to the fact that the young stellar population has a lower scale-height than the old stellar population. It is hard to imagine any dynamical process that can spread the young stellar population more away from the galactic plane as a factor of ∼ 10 than the typical thin disk ("low-group"). The higher z d /D 25,ph than the reference values which some "high-group" galaxies show might simply be interpreted as the existence of substantial dust above the galactic plane. In section 3.2, Test C shows that the existence of substantial extraplanar dust make z s and z d overestimated in the fitting results. Considering these test results as well as the contradictory z s /D 25,ph and the higher z d /D 25,ph , we think that "high-group" is likely to be the galaxies with substantial extraplanar dust. In other words, "high-group" is hard to be explained within the framework of galactic thin disk.
We additionally note that one target from the optical radiative transfer studies, NGC 4302, happens to be on our target list as EON 185.427 14.598. This target belongs to "high-group," and its optical study showed poor fitting results that remains big residual features at the bulge and halo regions (Bianchi 2007) . These large residuals might be caused by the substantial extraplanar dust in NGC 4302, rather than the additional stellar disk as suspected by Bianchi (2007) .
In Fig. 29b , "high-group" and "low-group" show no stark difference along the axis of
,ph is not a good discriminator for the galaxies with substantial extraplanar dust. Test C in section 3.2 shows a consistent result that the best-fit L F U V is not much different from the input value for the mock data even when substantial extraplanar dust exists. For "low-group" which likely represents the galactic thin disk, we could examine any relation between z d /D 25,ph and L F U V /D 2 25,ph . However, the number of members in "low-group" (six) is too small to remark on any relation. The same kind examination is improper for "high-group." The fitting parameters of "high-group" were obtained from an improper model (single dust disk) which does not include a description for the extraplanar dust. Any relation between the properties of the extraplanar dust and the host galaxy must be studied with the model that includes a proper description for the extraplanar dust, such as a geometrically-thick dust disk assumed in Shinn & Seon (2015) or a spherical dust halo assumed in Hodges- Kluck & Bregman (2014) . Model selection (see Sharma 2017) would be required to determine which model is better at describing the extraplanar dust. Then, based on the better model, we can obtain the model parameters that characterize the extraplanar dust through the parameter estimation process.
CONCLUSIONS
To list the candidate galaxies with substantial extraplanar dust, we fitted the GALEX FUV images of edge-on galaxies using three dimensional radiative transfer model. The DE method was employed to find a global maximum in the highly complex likelihood surface. Twenty-three galaxies were selected as target galaxies from the edge-on galaxy catalog of Bizyaev et al. (2014) . The best model parameters were analyzed by plotting the ratios of scale-height to galactic diameter ( Fig. 29a) : z s /D 25,ph for light source and z d /D 25,ph for dust. We found that 17 galaxies are populated at the region of (z s /D 25,ph × 100) > 0.2 ("high-group"), while the rest six ("low-group") are populated at the region of (z s /D 25,ph × 100) < 0.2. To help the identification of these two groups, we plotted the corresponding values of other galaxies from optical radiative transfer studies (Table 4) . These optical reference values represent the galactic thin disks and are populated at the lower-right corner of the plot z s /D 25,ph vs z d /D 25,ph (Fig. 29a) .
We conclude that "low-group" likely represents the galactic thin disk (i.e. galaxies with little extraplanar dust), while "high-group" likely represents the ones with substantial extraplanar dust, based on the followings: (1) the positions of "low-group" and "high-group" relative to the optical reference values in the plot of z s /D 25,ph versus z d /D 25,ph (Fig. 29a) ; (2) z s /D 25,ph from ultraviolet data analysis should be lower than z s /D 25,ph from optical data analysis, because the optical light sources are the old stellar population while the ultraviolet light sources are the young stellar population; and (3) Test C in section 3.2 shows that the existence of substantial extraplanar dust makes z s and z d overestimated in the fitting results. The distributions of "low-group" and "high-group" along the luminosity values (L F U V /D 2 25,ph ) were also examined. We found that the group separation does not sensitively depend on L F U V /D 2 25,ph values, which is also observed in the result of Test C (section 3.2).
The candidate galaxies with substantial extraplanar dust we found ("high-group") would be useful for studying the relation between the properties of the extraplanar dust and the host galaxy. Prior to this study, a proper model well describing the extraplanar dust must be determined through model selection.
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